In situ hybridization coupled with electron microscopy has been used to locate mRNAs for the small and large subunits of ribulose 1,5-bisphosphate carboxlase in young leaf tissue of tobacco (Nicotiana tabacum L.) plants. The endogeneous mRNAs were hybridized with either a biotinylated DNA probe for the small subunit or large subunit and subsequently visualized using avidin-ferritin conjugates at the electron microscope level. In the tissue incubated with the small subunit cDNA probe, the cytoplasm was uniformly labeled with ferritin indicating the presence of the target mRNA; this was particularly visible in cells which had undergone some structural damage. In the case of the LSU probe, the ferritin marker was shown to be exclusively associated with the plastid stroma in intact leaf cells. The compartmentation of cytoplasmic small subunit mRNA versus plastid large subunit mRNA has been confirmed by direct visualization of in situ hybridization.
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In situ localization techniques, whether immunocytochemistry which reveals the distribution of proteins or in situ hybridization which reveals the distribution of target mRNAs, are among the few approaches which allow analysis of gene expression at the level of individual cells (6, 7) . In recent years, cytological hybridization at the light microscope level has been adapted to a variety of animal tissue (1, 9, 12) and less frequently to plant material (4), using either probed tissue pieces, whole mount preparations, or fixed and/or frozen semithin sections. Few reports of ultrastructural hybrid visualization have been published (3, 5, 11) . The electron microscopic application of these techniques to plant material should be of value in providing information on the timing and topology of gene products not only at the cell level, but particularly at the organelle level under conditions that preserve ultrastructural detail.
In this study, we have used EM in situ hybridization to localize mRNAs for both the small and the large subunits of RubisCol in developing tobacco leaves. The interplay between nuclear and plastid coding genes as exemplified by RubisCo, namely the compartmentation of the transcription-translation processes of the large subunits to the plastids and the small subunits to the cytoplasm (2) were excised from lateral apices and cut by hand into thin slices (about 200 gm) in a droplet of freshly made 4% paraformaldehyde in a Na-phosphate-sucrose buffer (0.05 M phosphate buffer, 0.05 M sucrose) and fixed for 5 h at room temperature (20°C), followed by a 1-h washing in the same buffer. The rest of the procedure was carried out according to Harris and Croy (3) as follows: leaf pieces were treated with pronase B (25 ,g/ml in phosphate buffer) for 15 min and then hybridized with either the SSU probe, LSU probe or pBR322 probe (0.5 gg/ml probe DNA) for 30 h at 37°C. After extensive posthybridization washing in PBS, the tissue slices were incubated for 2 h in 5 ,ug/ml avidinferritin (Sigma) in order to localize the biotin. The samples were then postfixed in 1% OS04 for 30 min, dehydrated in a series of graded alcohols, and embedded in Spurr's resin. Unstained thin sections were examined on a Jeol JEM 7 microscope. Figure 1A illustrates a young leaf cell incubated with the biotinylated LSU probe and subsequently with avidin-ferritin. The cell architecture is preserved and cell components, nucleus (N), plastid (pl), and endoplasmic reticulum (er) are readily recognizable. These positively 'labeled' cells, which are located near the outer surface of the leaf slice, show no visible sign of structural disruption. The two enclosed plastids are shown at a higher magnification in Figure 1B; Plastid (PI), endoplasmic reticulum (er), and nucleus (N) are unlabeled.
RESULTS
acetate or lead citrate interfered with the identification of the ferritin markers, which although perfectly target specific, were generally weak in intact probed cells. The necessity of lightly fixed material coup!ed with an absence of poststaining leads to an uncommon ultrastrucutral morphology in which membranes (thylakoids and nuclear envelope membranes) are not clearly defined and appear white (Fig. 1B, th, en) . The SSU probed leaf tissue is illustrated in Figure 2 . Cytoplasmic SSU mRNA is readily visualized via ferritin-tagging (arrows, Fig. 2 ) in a well preserved young cell (comparable to cell in Fig. 1A 
